We describe the clinical and laboratory findings of 78 adult patients with T-prolymphocytic leukemia (T-PLL) studied over the last 12 years. The main disease features were splenomegaly (73%). lymphadenopathy (53%), hepatomegaly (40%), skin lesions (27%). and a high leukocyte count ( > 100 x 10°/L in 75%) with nucleolated prolymphocytes. A variant form with small, less typical cells was recognized in 19%. Membrane markers defined a postthymic phenotype TdT-, CD2'. CD3'. CD5+, CD7+; in 65%. the cells were CD4' CD8-, in 21%. they coexpressed CD4 and CD8, and, in 13%. they were CD4-CD8+. Serology for human T-cell leukemia/ lymphoma virus Type-I (HTLV-I) was negative in the 27 cases investigated. Cytogenetic analysis in 30 cases showed a consistent abnormality of chromosome 14, usually inv (14).
L are uncommon in Western countries. Only a few are primary T-cell leukemias and these include large granular lymphocyte (LGL) leukemia and T-prolymphocytic leukemia (T-PLL), which have been recognized as separate disease entities.' Although cases of T-PLL have been described in the literature,2-''the lack of a uniform terminology has conspired against a better understanding of the pathogenesis, clinical features, and therapy of this disease. In fact, patients who fit the criteria for T-PLL have been described as T-chronic lymphocytic leukemia (T-CLL) of helperlinducer phenotype,"' or as "knobby" type of T-CLL; based on morphologic features.
The term T-PLL was introduced when it became apparent that a proportion of cases with features of prolymphocytic leukemia, as described by Galton et a1 in 1974,14 had T-cell characteristics.'' Our group has since described the morphologic,16 cytogenetic," and clinical'' features of the disease that have reinforced the concept of T-PLL as a distinct entity. Among 200 cases of leukemia with a mature (postthymic) phenotype studied by us over the last 12 years," T-PLL has emerged as the most common. This experience, reported here, will allow a better recognition of this disease and aid in the development of a greater insight into its biology and approach to therapy.
MATERIALS AND METHODS
Seventy-eight patients diagnosed between 1978 and 1990 were included. Clinical data at presentation were available for all of them and follow-up information for 71. Treatment modalities used included chlorambucil with or without prednisolone or COP (cyclophosphamide, vincristine, and prednisolone); CHOP (COP + doxorubicin) or other combinations with an anthracycline or mitozantrone; and radiotherapy to the spleen, mediastinum, or both. Thirty-four patients with a normal creatinine clearance were treated with 2' deoqcoformycin (pentostatin; supplied by the National Cancer Institute) as first or second line therapy at a dose of 4 mg/m2 weekly. Responses to therapy were defined as follows: complete remission (CR) with normalization of blood counts, regression of the organomegaly, and less than 30% lymphocytic infiltration in the bone marrow; partial remission (PR); 50% reduction of the organomegaly and leukocyte count sustained for 3 months or more; no response (NR), no change or less than 20% improvement on physical signs or blood parameters. Response to with breakpoints at q l l and q32 in 76% of cases. Trisomy 8, including iso8q. was shown in 53%; t (11;14)(q13;q32) was documented in one case; and one had a normal karyotype. The clinical course was progressive with a median survival of 7.5 months. Thirty-one patients were treated with 2' deoxycoformycin and 15 responded (3 complete remissions and 12 partial remissions); the response rate (48%) increased to 58% in patients with a CD4' CD8-phenotype. The median survival of responders was 16 months and of nonresponders 10 months; other treatments were less effective. T-PLL is a distinct clinico-pathologic entity with aggressive course and characteristic chromosome abnormalities. A subgroup of patients may benefit from deoxycoformycin.
o 1991 by The American Society of Hematology. treatment and prognostic factors have been evaluated in 73 patients, as five have been diagnosed recently.
Cell morphology was assessed on MayGriinwald-Giemsa-stained peripheral blood films. Ultrastructural studies were performed by fixing the cells in 3% glutaraldehyde (EM scope, Kent, UK) in 0.1 molar phosphate-buffered saline (PBS; Oxoid, Basingstoke, UK); postfuration, dehydration, and embedding were performed as described elsewhere.I6
Immunophenotyping. Immunophenotyping was performed on blood mononuclear cells by indirect immunofluorescence with a series of monoclonal antibodies (MoAbs) and fluorescein isothiocyanate conjugated (FITC) antimouse Ig F(ab), fragment (Cappel, West Chester, UK) as second layer. The cell reactivity was analyzed initially on a Zeiss 14 fluorescence microscope (Zeiss, Oberkochen, Germany) and lately on a FACScan flow cytometer (Becton Dickinson, Mountain View, CA). Cytoplasmic staining was performed on cytocentrifuge slides by indirect immunoperoxidase?" Controls replacing the MoAb with a nonspecific murine Ig and omitting the MoAb were always performed. Terminal deoxynucleotydil transferase (TdT) was analyzed on acetone-ked cells by indirect immunoperoxidase with a rabbit anticalf TdT antibody (Sera-Lab, Sussex, UK). E-rosettes were performed in the first 52 cases; this test was replaced by a CD2 MoAb in the last 25 cases.
The MoAbs used were CDla (OKT6), CD2 (RFTll), CD3 (UCHTl), CD4 (Leu-3a), CD5 (UCHT2), CD7 (3A1), CD8 (UCHT4; Leu-Za), C D l l b (OKMl), CD16 (Leu-11), CD25 (Tac; CD45RO (UCHLl), CD57 (Leu-7), anti-class I1 HLA-DR determinants (GRBl), and anti-TCR1 against a determinant of the p-chain of the T-cell receptor. The OKT series was purchased from Orthoclone (Raritan, NJ), the Leu series, anti-TCR1, and IL-R2 from Becton Dickinson, RFTll from Prof G. Janossy (Royal Free
Cell morphology.
IL-R2), CD29 (4B4), CD38 (OKTlO), CD45RA (2H4, GRT22), 
RESULTS
This series included 45 males and 33 females (male/ female ratio, 1.33) with a median age of 69 years (range, 33 to 91). All but two patients were Caucasian; two wcrc black and born in the Caribbean. In one, T-PLL supervened on a prcexistent ataxia telangiectasia. The main clinical features (Table 1) were splenomegaly, hepatomegaly, lymphadcnopathy, serous effusions, and skin lesions. The skin lesions were generalizcd or local maculo-papular rashes or nodules; erythroderma was seen in two patients in whom a diagnosis of cutaneous T-cell lymphoma had been entertained. Skin biopsies performed in eight patients showed dermal lymphoid infiltration involving preferentially the appendages, sometimes extending to the subcutaneous fat but always without epidermotropism (Fig 1) . All patients presented with a high leukocyte count with over 90% atypical prolymphocytes, and half of the patients were anemic and thrombocytopenic (Table 1) . Bone marrow aspirate showed a variable degree of lymphoid infiltration (30% to 90%) and this was confirmed on the bone marrow trephines, which showed a diffuse or mixed pattern of infiltration as reported elsewhere"; the aspirate was a dry-tap in two cases. Serum calcium levels were normal in all cases. Antibodies to human T-cell leukemia/lymphoma virus type-I (HTLV-1) performed by enzyme-linked immunosorbent assay (ELISA) or/and radioimmunoassay were not detected in any of the 27 samples tested, including two from the Caribbean-born patients.
Peripheral blood provided the best material for diagnosis. The films showed a monomorphic population of medium-sized cells with features of prolymphocytes, ie, cells with a high nucleo-cytoplasmic ratio, moderately condensed chromatin, and a single prominent nucleo-
The nucleus was regular or oval in half of the ~~~. i . i~. i t~i x cases, and irregular with convolutions and folds in the other; cells with regular and irregular nuclei coexisted in some cases. The degree of nuclear irregularity was usually less than in Sezary cells or in adult T-cell leukemia/ lymphoma (ATLL), except in two cases in which half of the cells had a cerebriform nucleus resembling Sezary cells or were polylobated as in ATLL. A distinct feature of T prolymphocytes was the presence of a nongranular deeply Morphology.
Fig 1. Histology of skin lesions in T-PLL showing dermal lymphoid infiltration; the epidermis is not involved.
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In 15 cases (19%), the cells were small and the nucleolus was not readily apparent by light microscopy but always visible by electron microscopy. This group was designated small cell variant.16 Ultrastructural analysis was useful to observe the heterochromatin marginated to the periphery of the nucleus and to characterize as prolymphocytes the two cases with cells resembling Sezary and ATLL.16 Numerous ribosomes, polyribosomes, and profiles of rough endoplasmic reticulum accounted for the cytoplasmic basophilia.
Membrane markers defined a postthymic phenotype (TdT-, CDla-) with negative B markers (CD19/CD20/CD22) ( Table 2 ). Most cases were CD2, CD3, CD5, and CD7 positive. A minority of the cases were CD3 weak or negative when tested in suspension (mCD3), but positive by cytoplasmic staining (cCD3). The phenotype according to the major T-cell subsets was CD4' CD8-, with a distinct subgroup coexpressing CD4 and CD8 (Table 2) . Reactivity with CD38 and anti-TCR1 was seen in half of the cases; a minority reacted also with CD25 ( Table  2 ). The absence of membrane CD3 expression did not correlate with negativity with anti-TCR1, nor with the expression of CD25 (six of eight mCD3 negative cases were also CD25 negative). There was no correlation either between the expression of CD25 and the reactivity with CD4 and CD8 (five of the CD25' cases were CD4+, CD8-, two were CD4+, CD8+, and one CD8'CD4-). The MoAbs CD45RA, CD29, and CD45RO that define possible functional phenotypes within CD4' cells were analyzed in 33 cases (Table 3) . A "hybrid" phenotype or one like "memory" T cells was found in the majority of the cases. become CD3+ when tested on fixed cells (cCD3'). 14 with breakpoints at q l l and q32, seen in 76% (Table 4) . These abnormalities were inv (14)(qll;q32) in the majority, or involved both chromosomes 14 in complex translocations. Trisomy 8 involving is0 8q was seen in half of the cases and was often associated with rearrangements of chromosomes 14 or 7. No patient had abnormalities simultaneously affecting chromosomes 7 and 14. One case had a t(11;14) (q13;q32) with breakpoints similar to those found in B-cell PLL." No abnormalities were shown in 30 metaphases examined from one case and random abnormalities only were found in another. In a patient with preexistent ataxia telangiectasia, a rearrangement t (X,14) (q28; qll), detected before the development of T-PLL? was still present and, in addition, all metaphases showed t(8;22) Four patients were not treated and died between 1 and 2 months after diagnosis. Another patient remained untreated for 19 months with progressive lymphocytosis and died 1 month after starting therapy without response. Thirty-two patients were treated with alkylating agents and nine (28%) had short-lived PRs. Five of 15 patients (33%) responded to CHOP, including a CR lasting 3 months. Responses to radiotherapy were seen in three of seven patients, including a PR after mediastinal irradiation maintained for 44 months and two other PR to mediastinal plus splenic or splenic irradiation lasting less than 6 months. Two patients treated with mitozantrone plus or minus cytosine arabinoside had PR.
Thirty-one of the patients treated with 2' deoxycoformycin (DCF) were evaluable for response as three are still undergoing therapy. Fifteen responses were documented, 3 CR and 12 PR, of which eight were in 15 patients treated with DCF as first line. The three patients in CR were treated for 5 to 6 months and all eventually relapsed (8, 10, (q24;ql 1).
Response to therapy and prognosis. 
DISCUSSION
Within the spectrum of T-cell leukemias with a mature phenotype, T-PLL is relatively common, accounting for one-third of the cases. The disease affects mainly elderly patients and is characterized by splenomegaly, lymphadenopathy, skin infiltration, and a high leukocyte count. The findings are different from those of other mature T-cell leukemias, such as ATLL, Sezary syndrome, and LGL leukemia. In all these other leukemias, the WBC is, as a rule, below 100 x 109/L and massive splenomegaly is uncommon; instead, they have other features, eg, hypercalcaemia in ATLL, or erythroderma in Sezary syndrome, that are rare in T-PLL. The pattern of skin involvement is different from the cutaneous T-cell lymphomas; epidermotropism is never seen in T-PLL. Furthermore, unlike ATLL, we have not been able to establish an association between T-PLL and HTLV-I, even in the two patients born in the Caribbean.
The diagnosis of T-PLL could be made by light microscopy examination of blood films in most cases. The main morphologic features are a prominent nucleolus and deep cytoplasmic basophilia. In a minority of cases with small prolymphocytes, the nucleolus is not easily visible by light microscopy and ultrastructural analysis is necessary to establish the diagnosis.'.l6 Our observations in 15 cases with small prolymphocytes do not support the view that the small cell variant is a separate disease and suggest instead that it corresponds to the same entity of T-PLL.
Immunologic markers showed the mature T-cell nature of the prolymphocytes, with the most common phenotype being CD4', CD8-. The expression of CD7 was a consistent feature of T-PLL and this contrasts with findings in ATLL, in which CD7 is often negative, and in Sezary syndrome and LGL leukemia, in which half of the cases are also CD7 negative." The lack of membrane expression of CD3 (mCD3) in 19% of the cases did not correlate with the reactivity with anti-TCR1, which detects a determinant of the @-chain of the T-cell receptor. A defective expression of the CD3-TCR complex has also been reported in ATLL and it has been suggested that it relates to the activation of ATLL cells that express interleukin-2 (IL-2) receptors (CD25+).Z4 This is unlikely to be the explanation in T-PLL because there was no correlation between the expression of CD25 in a minority of cases and the absence of mCD3 in these cells. The pattern of staining with markers that define functional subsets in CD4' T-PLL cases was not uniform, as found in other CD4' T-cell malignancies.*'
A consistent chromosome abnormality in T-PLL involves chromosome 14 with breakpoints at bands q l l and q32, which might result in the juxtaposition of the a-chain or &chain gene locus located at q l l to a candidate oncogene yet to be shown at q32.26 This abnormality seems to be characteristic of T-PLL as it has not been found by us in 30 cases with other T-cell malignancies" and has rarely been reported in ATLL,28 peripheral T-cell lymphoma,*' and in some "T-cell leukemias" with clinical and laboratory features suggestive of T-PLL. 30,3' These cytogenetic findings, together with the other disease features, support the concept of T-PLL as a distinct and 12 months) after stopping DCF. One of them had a transient second response to DCF, but died of progressive disease 6 months later. Another was unresponsive to DCF a second time. The response rate was higher in cases with a CD4' CD8-phenotype (58%) compared with other phenotypes (27%). All but two of the responders were CD4' CDK.
Sixty patients have died of progressive disease and/or intercurrent infections and six are still alive. The median survival for the whole group was 7.5 months (Fig 2) . The analysis of prognostic factors showed no effect on survival of sex, splenomegaly, skin lesions, or lymphocytosis above or below 100 x 109/L. Patients with lymphadenopathy appear to fare slightly better than those without (P < .04) and patients younger than 50 years (seven in this series) do better than older ones. Hepatomegaly (any size palpable) had the greatest adverse effect on survival (P < .Ol>. No differences in survival were observed according to the type of therapy. Patients treated with DCF had a better median survival (10 months) than the rest (7 months), but this difference was not statistically significant. The median survival of patients responding to DCF was 16 months, compared with 10 months for the nonresponders. In all three covariate analyses, only the presence of hepatomegaly and age reached statistical significance.
We examined separately the features of the 15 patients with small prolymphocytes and compared them with typical cases to see whether they represented a separate entity. The analysis (data not shown) showed no differences in clinical and laboratory features, response to therapy (50% PR), or survival between cases with small prolymphocytes and typical ones. More importantly, the chromosome abnormality inv (14) was shown in four of seven cases and trisomy 8q in three. The only difference noted was a two-fold greater incidence (38%) of the CD4', CD8' phenotype compared with typical cases (17%).
Small cell variant of T-PLL.
For personal use only. on October 30, 2017. by guest www.bloodjournal.org From entity. It is of interest that patients with ataxia telangiectasia have in their peripheral blood T-cell clones carrying chromosomal rearrangements involving 14ql1, 7p13-14, and 7q32-35 where the TCR genes have been m a~p e d . '~ These patients are at risk of developing T-cell malignan~ies~'.'~ that corresponded in some to T-PLL,32.36 as illustrated by one patient in this series. T-cell clones from patients with ataxia telangiectasia morphologically resemble T pro lymphocyte^.^' Molecular analysis of one such clone and of four cases of ataxia telangiectasia developing T-cell leukemia with inv( 14) or the tandem translocation t(14;14) has shown that the 14qll breakpoint was located within the TCR J a locus and that the breakpoint on 14q32 was mapped to 14q32.1. Clonal abnormalities involving chromosome 14 are also seen in ataxia telangiectasia without leukemia, suggesting that this karyotypic change may be a preleukemic event and that a second event is required for the development of an overt neoplastic process. Indeed, in all but one of our T-PLL cases, the clonal abnormality of chromosome 14 was associated to other rearrangements, more frequently trisomy 8q. In the patient with ataxia telangiectasia developing T-PLL, additional chromosomal rearrangements (Table 4) were documented in the leukemic phase that had not been previously dete~ted.'~ The clinical course of T-PLL is progressive in almost all patients who are, as a rule, resistant to alkylating agents. Responses to CHOP, mediastinal and abdominal irradiation, and DCF have been previously documented in single case report~,8,9.38,~' as well as the resistance to these or other types of Our results suggest that DCF is a moderately effective agent in T-PLL, particularly when the phenotype is CD4' CD8-, and when it is used as the first line of treatment. However, the responses to DCF are not durable and have not yet been translated in an improved survival. It is possible that several therapeutical agents used sequentially or in combination may improve the outlook in this aggressive T-cell leukemia.
This study confirms the relevance of a multiparameter analysis to define disease entities. ' We have established that within the spectrum of postthymic T-cell malignancies, T-PLL has characteristic clinical, morphologic, and immunologic features and consistent karyotypic rearrangements involving chromosome 14 that are rare in other T-cell malignancies. The identification of T-PLL may provide the basis for molecular studies on the ethiopatogenesis of this disease and will facilitate comparisons with other T-cell malignancies. This analysis has allowed also to delineate therapeutic strategies that may subsequently result in improvements in survival.
